Two new linker-type molecules 1a and 1b composed of o-hydroxyacetophenone coordinative groups attached to linear ethynylene or 1,4-phenylenediethynylene spacer units have been synthesised and structurally characterised. An X-ray crystallographic study for both compounds has shown structures with strong intramolecular hydrogen bonds fitting in the model of 'Intramolecular Resonance Assisted Hydrogen Bond (IRHAB)'. Initial coordination experiments with Cu(II) were performed and the resulting materials characterised by PXRD. The similarity of the copper coordination between these compounds and copper(II) acetylacetonate complexes was demonstrated by XPS measurements. Based on the evidence of these studies, and on elemental analysis, the formation of the corresponding coordination polymers comprising Cu(II) and the linkers has been proposed.
Introduction
Coordination polymers have been established as an important class of compounds with promising applications in the fields of catalysis [1 -3] , sensors [4, 5] and gas sorption [6 -8] . Due to their modular development, relevant properties such as framework topology and pore size are flexibly adjustable by the choice of eligible metal ions and the specific design of the organic linker molecules, which combine several coordination active functions. Outstanding efficiency in the complexation of metal ions show linker molecules comprising chelate functions. Numerous coordination polymers containing organic components with chelate active functions such as carboxylate [9, 10] , phosphate [11] and dithiocarbamate [12] , but also more complex structures including bisimidazoles [13, 14] , bispyrimidines [15] and dioximes [16] have been reported. Nevertheless, there are still open opportunities for usage of chelate units that have not or only marginally been applied as coordinative groups of linker molecules. This is the case for the bidentate ligand o-hydroxyacetophenone and its derivatives which are well known for their efficiency in the complexation of transition metal ions, especially of Cu(II) [17 -19] . Remarkably, there is only one early note in the literature dealing with physicochemical properties of Cr(III), Co(II) and Ni(II) polychelates of a related linker-type molecule featuring a 4,4 -(4,4 -biphenylylenebisazo)di(2-hydroxyacetophenone) structure [20] . But, apart from that, no further investigations about the applicability of o-hydroxyacetophenone-containing linker molecules have been reported. In addition, tecton-type molecules having salicylic aldehyde terminal functionalities instead of o-hydroxyacetophenone moieties attached to a linear segment, thus bearing structural resemblance to a potential linker molecule, proved to be very useful in the formation of ordered surface nanostructures [21 -25] , but without being applied in the construction of coordination polymers. These basic principles gave the motivation to focus our attention on related linker molecules with terminal chelating o-hydroxyacetophenone groups such as 1a and 1b (Scheme 1).
In the present paper, we describe the synthesis of these compounds and discuss their crystal structures. We also show preliminary results obtained from PXRD and XPS investigations including elemental analysis for the corresponding complexes of 1a and 1b with Cu(II) which are suggestive of the formation of coordination polymers.
Results and Discussion

Synthesis of 1a and 1b
The title compounds 1a and 1b (Scheme 1) have been synthesised using a multi-step reaction sequence starting from 4-bromophenol and trimethylsilylacetylene (TMSA) or 2-methylbut-3-yn-2-ol (MEBYNOL) as the base materials. As shown in Scheme 2, in the first step 4-bromophenol was acetylated with acetic anhydride to give 5 and then subjected to a Fries reaction [26] yielding 5-bromo-2-hydroxyacetophenone (4), which was one of the components for the following cross-coupling reaction. This reaction was carried out with TMSA (method A) or MEBYNOL (method B) using the Sonogashira-Hagihara coupling conditions [27] to produce 3a and 3b, respectively, which were subsequently deblocked ending up with 5-ethynyl-2-hydroxyacetophenone (2) as the key intermediate. Further cross-coupling of 2 with the bromide 4 or 1,4-diiodobenzene yielded the target linker components 1a and 1b, respectively.
Crystal structures of 1a and 1b
Crystal and refinement data for the studied compounds are summarised in Table 1, while The presence of a strong intramolecular hydrogen bond formed between the phenolic hydrogen atoms and the oxygen atoms of the acetyl group, being a characteristic feature of 2-hydroxyacetophenones [28 -30] , is also shown in the crystal structures of 1a and 1b [O1···O2 2.515(2) and 2.564(1)Å, O1-H1···O2 146 and 145 • for 1a and 1b, respectively]. Table 1 . Crystal data and numbers pertinent to data collection and structure refinement of the compounds studied.
The molecular structure element H-O-C=C-C=O of 1a and 1b (Fig. 1) correlates with the concept of the so-called 'Intramolecular Resonance Assisted Hydrogen Bond (IRAHB) formation' [31] , which suggests a synergistic mutual reinforcement of intramolecular hydrogen bonding due to π-electron delocalisation, but its significance has lately been disputed [32] .
Irrespective of this point being at issue, an increase of the bond lengths C(1)-C(2) [1.412(2), 1.410(2)Å] and C(7)-O(2) [1.236(2), 1.234(1)Å] corresponds to a decrease in the C(2)-C(7) bond length [1.477(2)Å] for 1a and 1b, respectively, indicating a potential resonance effect since these bond lengths deviate significantly from those found in the crystal structure of acetophenone [33] . Also, the shortening of the bond C(5)-C(6) of the aromatic ring in 1a and 1b [1.369(2), 1.375(2)Å] may be ascribed to a similar phenomenon.
The tolane derivative 1a crystallises in the orthorhombic space group Pbca with the asymmetric part of the unit cell containing one half of the molecule, e. g. the molecule adopts inversion symmetry (Fig. 1a) . The approximately planar geometry of the molecule indicates perfect delocalisation of the π-electron system. Contrary to expectations, the crystal structure lacks arene stacking. Instead, the C=O units of the acetyl groups are sandwiched at a distance of ca. 3.2Å between the aromatic rings of adjacent molecules, which suggests the presence of π(C=O) · · · π(arene) interactions [34] . The molecules are associated by a close network of C-H···O hydrogen bonds [35] . . C(6); b to achieve a reasonable hydrogen bond geometry, an individual atom instead of the ring centre was chosen as an acceptor site. Table 2 . Geometric parameters for intermolecular contacts in compounds 1a and 1b.
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Recrystallisation of 1b from ethyl acetate yielded colourless plates of the monoclinic space group C2/c with one half of the molecule in the asymmetric part of the unit cell (Fig. 1b) . According to inversion symmetry, the terminal aromatic rings of the molecule are coplanar but twisted by an angle of 14.9(2) • with respect to the central arene ring. The ethynyl parts are slightly bent so that the molecule adopts an S-shaped distortion along its main axis.
A view of the crystal structure down the b axis (Fig. 3 ) reveals stacking-like packing of molecules with a lateral displacement of consecutive molecules, indicating that the crystal structure lacks π···π arene interactions. Molecular association is restricted to only one weak hydrogen bond [C(8)-H(8A)···O(2) 2.61Å, 137 • ] and C-H···π(arene) interactions [36] . The inclination between molecules of adjacent stacks indicates that the crystal structure of 1b is stabilised by van der Waals forces and close packing of molecules rather than by directed non-covalent bonding.
Preparation and structural characterisation of coordination polymers
Considering the known efficiency of o-hydroxyacetophenone to complex the Cu(II) ion [17 -19] , the linker-type molecules 1a and 1b were tested regarding the formation of corresponding coordination polymers. For this to do, Pfeiffer's method [37] was used with [Cu(NH 3 ) 4 ]SO 4 acting as a precursor. This tetrammine complex was synthesised by treatment of an aqueous solution of CuSO 4 with aqueous ammonia. The following polymerisation was realised by a solvothermal synthesis between the copper complex and the linkers 1a and 1b at 100 • C to yield Cu(1a) and Cu(1b). Elementary analyses of both materials indicate a 1 : 1 ratio between linker molecule and copper(II) ion.
Crystals suitable for X-ray diffraction analysis, giving structural information on the nature of the coordination polymers, could not be obtained. Therefore a number of other characterisation methods were applied to provide some structural information as demonstrated in the following.
PXRD analysis
By using powder X-ray diffraction (PXRD) it is possible to trace the progress of the chemical reaction via comparing the diffraction data of Cu(1a) or Cu(1b) with the one of the reactants. Figures 4 and 5 show the PXRD data of each compound in the reaction batch of the copper precursor with 1a and 1b, respectively. In each case, the PXRD data of the reactants are displayed next to the one of the synthesised metal-organic compound.
The differences between the PXRD of the reactants and the coordination polymers Cu(1a) and Cu(1b) can be traced back to a change in crystal structure, and a loss of reflections marks the completed conversion of the starting materials. In the case of Cu(1a), both broad and sharp reflections are recorded which seem to indicate the presence of two solid phases. In contrast, the reflections for Cu(1b) are sharp and furthermore shifted to smaller angles compared to 1b. As expected, this shift is a sign of an expanded unit cell. After the coordination polymers have been formed, reflections of the reactants are not observed anymore.
X-Ray photoemission
To furnish proof of the presence of copper within the compounds and to analyse the coordination sphere of the metal centres we used XPS (X-ray photoelectron spectroscopy) as the characterisation method of choice. According to the literature, a specific signal for the binding energy of 2p core level electrons of copper (spin 3/2) should appear in the spectrum at 932.7 eV (934.5 eV for CuO) [38 -40] . For the compounds Cu(1a) and Cu(1b) prepared as thin films, the respective values of 934.3 and 934.9 eV were measured (Fig. 6) . In copper compounds with acetylacetonatelike ligands, a spin-orbital splitting occurs for the Cu 2p core level electrons. This effect can be used to gain Fig. 6 . Photoemission spectra of the compounds Cu(1a) and Cu(1b) (prepared as thin layers) in the range of the emitted radiation of the 2p 3/2 core level electrons. The fitted GaussLorentzian functions can be used for quantitative analysis. information on the state of coordination in the compound. Like it is found for the binding energies of copper(II) acetylacetonate, there are three signals shown in Fig. 6 . This signal pattern can be explained by using a cluster model which assumes strong hybridisation effects for Cu 3d and C 2p electrons as well as O 2p x and C 2p x electrons [41] . The split orbital energies are correlated to 2p 5 3d 10 L 1 -hybridised states, and bonding and anti-bonding states of 2p 5 3d 10 L 2 and 2p 5 3d 9 , where L is the corresponding ligand. The corresponding electron binding energies are listed in Table 3 . A quantitative comparison between the two satellites and the main signals leads to a ratio of approximately 1 : 1 : 2 for both compounds.
Conclusions
Using a Pd-catalysed coupling process in the key reaction step, the new linker molecules 1a and 1b featuring terminating o-hydroxyacetophenone groups attached to rigid linear ethynylene and arene building units have been synthesised. Structural characterisation by single-crystal X-ray analysis shows strong intramolecular hydrogen bonding between OH and carbonyl groups of the two compounds typical for the o-hydroxyacetophenone moiety. Bond lengths within the H-O-C=C-C=O structural fragment suggest the applicability of the IRAHB concept. The packing of the molecules of both compounds in the crystal involve networks of C-H···O and C-H···π interactions while remarkably lacking π···π arene stacking contacts. Solvothermal syntheses were carried out with 1a or 1b and copper(II) ions leading to the corresponding coordination polymers Cu(1a) and Cu(1b). Because X-ray single-crystal structural analyses could not be conducted, basic information needed to be derived from elemental analysis, PXRD and XPS measurements. Owing to the nature of the used precursor molecules and the results obtained from the XPS and elemental analysis, a square-planar coordination geometry for the copper(II) centres can be postulated.
Assuming this kind of coordination geometry also found in analogous Cu(II) acetylacetonate complexes [41] , the present coordination polymers are bound to possess a completely planar one-dimensional coordination assembly. Since the copper(II) ions therein still have two coordinative vacancies, the formed chains could become interesting building blocks in the design of higher-dimensional coordination polymers, which may be achieved by adding specific oligodentate molecules. Other metal ions may also be used. The molecules 1a and 1b may also be suitable tectons for the construction of porous materials (HBNs) [42] . These networks are interesting objects for the stimulation of future research. Reagents and materials were obtained from commercial suppliers (Fisher Scientific, ABCR, Aldrich) and were used without further purification. The solvents were purified using standard procedures. Solvents for the Sonogashira-Hagihara coupling reactions were deoxygenated prior to use by ultrasound (20 min) while bubbling argon through the solution.
Experimental Section
General
Preparation of 4-bromophenyl acetate (5) and 5-bromo-2-hydroxyacetophenone (4)
Both compounds were synthesised according to the literature [26] . 4-Bromophenyl acetate (5) was isolated as a colourless oil (97 %) and 5-bromo-2-hydroxyacetophenone (4) as a pale-yellow solid (75 %, m. p. 58 • C).
Synthesis of o-hydroxyacetophenones 3a and 3b (General procedure)
The respective aryl bromide and the corresponding terminal alkyne were dissolved in degassed diisopropylamine. To this solution, the catalyst, being composed of triphenylphosphane (2 mol-%), copper(I) iodide (3 mol-%) and trans-dichlorobis(triphenylphosphane)palladium(II) (2 mol-%), was added, and the mixture was stirred under reflux until completion of the reaction (TLC analysis). Evaporation of the solvent followed by column chromatography and/or crystallisation yielded the pure compounds. Specifications for each compound are given below.
5-(Trimethylsilylethynyl)-2-hydroxyacetophenone (3a)
5-Bromo-2-hydroxyacetophenone (4) 
5-(3-Hydroxy-3-methylbut-1-ynyl)-2-hydroxyacetophenone (3b)
5
Preparation of 5-Ethynyl-2-hydroxyacetophenone (2)
Method A. To a solution of 5-(trimethylsilylethynyl)-2-hydroxyacetophenone (3a) (2.3 g, 9.9 mmol) in THF (20 mL), KOH (0.56 g, 10 mmol) dissolved in methanol (20 mL) was added. After having been stirred for 24 h at room temperature, the solution was diluted with diethyl ether and washed with diluted hydrochloric acid and water. The organic layer was dried and the solvent removed in vacuo to yield 1.5 g (95 %) of a yellow solid which was crystallised from n-hexane-CH 2 Method B. 5-(3-Hydroxy-3-methylbutyn-1-yl)-2-hydroxyacetophenone (3b) (5.0 g, 22.9 mmol) was dissolved in toluene (50 mL), and KOH (3.85 g, 68.8 mmol) was added. The solution was refluxed for 3 h, acidified with conc. hydrochloric acid (100 mL) and filtered. The filtrate was extracted with methylene chloride (250 mL), the combined organic layers dried over anhydrous Na 2 SO 4 and evaporated to dryness. The resulting residue was purified by column chromatography (SiO 2 ; n-hexane-CH 2 Cl 2 , 6 : 1) to yield 1.7 g (47 %) of a yellow solid corresponding to the data given above.
Synthesis of 1a and 1b
The general procedure for the synthesis of 3a and 3b applies.
5,5 -(Ethyne-1,2-diyl)bis(2-hydroxyacetophenone) (1a)
5-Ethynyl-2-hydroxyacetophenone (2) (3.0 g, 18.8 mmol), 5-bromo-2-hydroxyacetophenone (4) 
X-Ray structure determination
Suitable single crystals were obtained by slow cooling of solutions of 1a and 1b in n-hexane and ethyl acetate, respectively. Information concerning the crystallographic data and the structure refinement is summarised in Table 1 . The intensity data were collected on a Bruker APEX II diffractometer with Mo K α radiation (λ = 0.71073Å) using ω-and φ -scans. Intensities were corrected for background, Lorentz and polarisation effects. Preliminary structure models were derived by an application of Direct Methods [43, 44] and were refined by full-matrix least-squares calculations based on F 2 for all reflections [45, 46] . All non-hydrogen atoms were refined anisotropically. All hydrogen atoms were included in the models in calculated positions and were refined as constrained to bonding atoms.
CCDC 859743 and 859744 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Data Centre via www.ccdc.cam.ac.uk/data request/cif.
Powder X-ray diffraction analysis
Compounds Cu(1a) and Cu(1b) were desolvated with dichloromethane and dried under vacuum. Both powders were pestled to get a homogeneous composition. The intensity data were collected on a PANalytical PW3040/60 X'Pert Pro diffractometer with Cu K α radiation (λ = 1.5418Å). The measurements were carried out in reflexion mode, and wideangle values were recorded from 5 to 70 • with a step size of 0.01 • .
X-Ray photoelectron spectroscopy
Samples of the compounds Cu(1a) and Cu(1b) were prepared as thin films on a silicon wafer to obtain planar surfaces. Al K α radiation was used as photo electron excitation source during the measurement. Electric charging effects were compensated with the help of a flood gun, and any residual charging effect which leads to a shift of the spectra was corrected mathematically. The main value in the C 1s region was adjusted to that of aromatic carbon signals with the binding energy value of 284.8 eV. The analysis was carried out with the software CasaXPS from Casa Software Ltd.
